Abstract. We obtain accurate resonance energies for the Schrödinger equation with a central-field potential by means of a method based on a rational approximation to the logarithmic derivative of the wavefunction. We discuss the rate of convergence of our approach and compare present results with those obtained earlier by other authors. We show that present method is superior to the spherical-box approach applied recently to the same problem. As far as we know present results are more accurate than those available in the literature and may be a suitable benchmark for testing future approaches.
Introduction
In a recent paper Zhou et al [1] applied the well-known spherical-box stabilization The potential V (r) mentioned above has proved a suitable benchmark for the development and testing of several methods for the calculation of the energies of metastable states . Most authors have considered the case Z = 0 and just a few ones included the Coulomb interaction Z = −1 [20, 23] .
Some time ago, we applied the Riccati-Padé method (RPM) to the calculation of the lowest s-wave resonance of the potential V (r) with Z = 0 [17] . In that earlier paper we did not discuss the rate of convergence of the method on this particular model and merely showed the result for the lowest s-wave resonance. The purpose of this paper is to compare the RPM with the spherical-box approach and with other alternative methods on the central-field potential with Z = −1.
In Sec. 2 we outline the method. In Sec. 3 we apply the RPM to the potential V (r)
with Z = −1, analyze its results and compare them with those obtained earlier by other authors. Finally, in Sec. 4 we discuss the advantages of the RPM and draw conclusions.
The method
The radial part of the dimensionless Schrödinger equation for a central-field potential
where l = 0, 1, . . . is the angular-momentum quantum number and Φ(0) = 0. The RPM is based on a rational approximation to the regularized logarithmic derivative of the wavefunction
that can be expanded as follows:
Note that the term (l + 1)/r removes the singularity of Φ ′ (r)/Φ(r) at origin and that we can obtain the coefficients f j (E) analytically by means of simple recurrence relations [17] .
We then convert the Taylor series into a rational approximation: 
Results and discussion
For comparison we consider the potential
with the model parameters V 0 = 7.5 and Z = −1 [1, 20, 23] . We label the complex energies of the metastable states E l,ν so that Re E l,ν+1 > Re E l,ν , ν = 0, 1, . . .. The s-, p-and d-waves discussed by Zhou et al [1] and Sofianos and Rakityansky [23] correspond to l = 0, l = 1, and l = 2, respectively.
Since we are looking for Siegert pseudo states that satisfy [25] 
then it seems reasonable to choose d = 0 because
For that reason it should be assumed that d = 0 from now on, unless otherwise stated. Hankel sequences is also independent of l. We confirm our conclusion that the RPM is preferable to the spherical-box approach because Zhou et al [1] roughly estimated the position and width of E 1,0 and were unable to obtain other p-wave resonances. As far as we know, the most accurate results for this model are those calculated some time ago by Sofianos and Rakityansky [23] . Present results are even more accurate and may therefore be a useful benchmark for other approaches. For that purpose we show them in Table 1 .
Finally, we mention that the rate of convergence of the RPM is not affected by the choice of the displacement d. In the present case, for example, we obtained similar results with d = 1 that we do not show here.
Conclusions
One of the main advantages of the RPM is its remarkable simplicity. We first obtain the coefficients of the Taylor series (3) by means of a straightforward recurrence relation [17] .
Second, we construct the Hankel determinant, which is a polynomial function of the energy, and find its roots. Third, we identify the sequences of roots that converge towards physically acceptable results.
Another advantage of the RPM is that exactly the same Hankel determinant applies to both the bound states and resonances. It comes from the fact that the RPM does not take explicitly into account the asymptotic form of the wavefunction at infinity and the rational approximation applies to any solution of the Schrödinger equation. Of course,
we have to take into consideration the behaviour of the wavefunction at origin in order 
